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Our experimental study of the system AgAuS—AgAuSe was urged by the misfit in literature data on the
isomorphism of sulfur and selenium in this series and on the existence of AgAuSe phase. Scanning
electron microscopy, optical microscopy methods, electron microprobe analysis and X-ray powder
diffraction method have been applied to study samples synthesized by heating stoichiometric mixtures
of initial compositions AgAuS;_,Sex (x = 0; 0.25; 0.5; 0.75; 0.875; 1).

Results of the studies evidence the existence of continuous solid solution of the AgAuS—AgAusSe series.
As a result of the partial isomorphous replacement Se — S, the unit cell parameters of petrovskaite-like
type (R3m) phases are slightly increased compared to AgAuS. The phases AgAuS;_,Sey at 0.5 < x < 1 are,
most likely, metastable, their instability drastically increasing with the growing content of selenium. The
phases partly decompose to form a fischesserite-like phase AusAu(Se,S), or fischesserite (AusAuSe;) (at
x = 1), high-fineness Au—Ag alloy, S,Se phase or Se (at x = 1) and B-(Au,Ag) (Se,S) (at x = 0.875 and 1).
Gold selenide AuSe showed isomorphism Se — S to 0.17 mol fraction of sulfur and Au — Ag — to 0.1 mol
fraction of silver. The content of AgAuSe phase, synthesized under different heating, annealing and
cooling conditions, was the highest in the experiment with rapid cooling from 1050 °C without
annealing. The existence of phase AgAuSe in natural systems is likely to be very problematic.

© 2015 Elsevier B.V. All rights reserved.
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1. Introduction quaternary system Ag—Au—S—Se.

The aim of the work is to synthesize and study sulfoselenides

The main parageneses of epithermal gold-silver deposits are
characterized by the system Ag—Au-chalcogene (S, Se, Te) in which
anionic solid solutions play the most important part [1]. The data
on the isomorphism of sulfur and selenium of the AgAuS—AgAuSe
series in literature are conflicting. Trace selenium contents
frequently occur in natural petrovskaites, but their concentrations
do not exceed 2 wt.% [2—5]. Studies of synthetic AgAuS;_ySex
phases [6] supported the discontinuity of the isomorphic range
AgAuS—AgAuSe. The AgAuSe and AgAuS;_xSex phases were deter-
mined in the electrolytic slimes after electrorefining process [7].
The experimental works studying phase relationships in the
Ag—Au—Se system [8,9] evidence the absence of the ternary com-
pound AgAuSe. The ternary phase diagrams of Ag—Au-chalcogene
were studied in Refs. [8—12] but no data are available on the
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AgAuSi_,Sey (0 < x < 1) and to reveal the specific features of
isomorphous sulfur-selenium replacement in the AgAuS — AgAuSe
series. One of the main tasks of the research is to establish the
relationships between gold and silver sulfoselenides and other
phases in the Ag—Au—S—Se system.

2. Experiment and analytical methods
2.1. Starting compositions

We have synthesized phases of the AgAuS;_xSex (x = 0; 0.25;
0.5; 0.75; 1) series by the procedure used for the pseudobinary
systems Ag3AuS;—AusAuSe; and Ag,S—AgSe [13—15]. The starting
materials for the synthesis were elemental silver, gold (99.99%),
selenium and sulfur (99.9%); the total weight of the charges was
250—500 mg. The accuracy of weighing was +0.05 mg (“Mettler
Instrument Ag CH-8606 Greifensee-Zurich”). Ampoules were
heated during 3 days at a rate of 0.2—0.5°/min to 1050°C, kept for
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12 h at this temperatures and then cooled to 150 (N21-5, Table 1)
or 500°C (N26—10, Table 1) at a rate of 0.2°/min with following
annealing during 3 or 30 days, respectively. After annealing, the
ampoules were cooled to room temperature in the switched off
furnace. For the starting mixtures of AgAuSe compositions, syn-
thesis with cooling from 1050°C to room temperatures in cold
water (N°11), and in the switched off furnace (N°12) was per-
formed. For two selenium-rich compositions at x = 0.875 and 1
(N©13, 14, Table 1) synthesis was also carried out by the Nekrasov's
method (1990) with heating to 750°C for 4 days, annealing at
300°C during a month and quenching in cold water.

2.2. Analytical techniques

Optical microscopy, scanning electron microscopy with energy-
dispersive and wavelength-dispersive spectrometers, X-ray pow-
der diffraction method were applied to study synthesized samples.
A polished section was prepared from synthesized phases for mi-
croscopy analyses. Studies on the chemical composition were car-
ried out using MIRA 3 LMU SEM (TESCAN Ltd.) combined with
microanalysis system INCA Energy 450 + on the basis of the high
sensitive silicon drift detector XMax-80, and WDS INCA Wave 500
(Oxford Instruments Ltd.). Operation conditions: accelerating
voltage, 20 kV; probe current, 1.5 nA; spectrum recording, 15 s; and
spot size, 7 nm. In all measurements the electron beam was slightly
defocused for reducing the effect of a sample microrelief and
decreasing the destructive influence of the electron beam on un-
stable silver-gold sulfoselenides. Pure silver, gold, CuFeS,, and PbSe
were used as standards for Ag, Au, S, and Se, respectively. The
analysis accuracy was 1—1.5 relative %.

X-ray powder diffraction patterns were collected on a Stoe
STADI MP diffractometer (CuKal radiation, Ge (111) mono-
chromator, 40 kV, 40 mA). Powdered silicon was used as the
external standard (¢ = 54309 A). The diffraction data were
collected from 5 to 60° 20 angular range. For the phase analysis, the
database of PDF-4 Minerals (The Powder Diffraction File PDF-4+,
2006) was used. The refinement of the unit cell parameters was
carried out by Rietveld method using GSAS program [16].

Table 1

3. Results and discussions

Results of studies of solid phase synthesis products of 14 ex-
periments with the starting compositions of AgAuS{_,Se, mixtures
are given in Table 1. Each of the synthesized samples was found to
contain petrovskaite-like phase with the chemical composition
identical or close to that of the initial stoichiometric mixture
AgAuS;_,Sey. However, single phase ingots were synthesized only
in two experiments with annealing temperature of 500°C and x =0
and 0.25 (N26, 7, Table 1). SEM and EPMA showed that the ingots
are heterogeneous. In the experiments with x = 0 (N21) we syn-
thesized petrovskaite AgAuS with scarce microinclusions of
uytenbogaardtite (AgzAusS,). The detailed results of this experiment
and interpretation of petrovskaite structure were reported in
Refs. [15,17—19]. The SEM photo of polished sections of synthesized
samples from experiments N°2—4 (Table 1) are shown in Fig. 1a—d.
At x = 0.25, 0.5, and 0.75 in addition to petrovskaite-like phase
AgAuS;_,Sey (0 < x < 1), products of synthesis contained
fischesserite-like phase AgsAuSe; Sy (0 < y < 2). In the sample
with x = 0.25 (N22, Table 1) fischesserite-like phase forms thin
veinlets and microinclusions in petrovskaite-like phase (Fig. 1a), in
the sample with x = 0.5 (N3, Table 1) the interaction of pet-
rovskaite- and fischesserite-like phases are similar to eutectoid
intergrowth (Fig. 1b). At higher selenium concentrations x = 0.75
(N©4, Table 1), in addition to two Au—Ag sulfoselenides, the sam-
ples contained xenomorphic grains of high-fineness Au—Ag alloy
and S,Se-phase (Fig. 1¢,d).

In the samples with annealing temperature of 500°C (N©8,9,
Table 1) and selenium concentrations x = 0.5 and 0.75, the same as
in the experiments annealed at 150°C (N23,4, Table 1), we deter-
mined petrovskaite- and fischesserite-like, S,Se-phases and high-
fineness Au—Ag alloy. For the experiment with x = 0.875 and
annealed at 300°C (N213), four similar phases were found to
coexist with one more phase of AugggoAgo.09S€0.8350.21 composition
(Table 1). A similar, but sulfur-free, phase of Augg_0.96Ag01-0.045€
compositions was detected in the AgAuSe samples prepared by
different techniques (N25,10—12, 14, Table 1). It is present as crys-
tals measuring to 200 microns. Fig. 2a shows inclusions of gold
selenide and high-fineness Au—Ag alloy in the petrovskaite-
fischesserite matrix (N214, Table 1), and in Fig. 2b one can see a

Results of study of solid phase products of synthesis in experiments with different initial compositions of AgAuS; _xSex mixtures (x = 0; 0.25; 0.5; 0.75; 0.875; 1) and different

modes of heating, annealing and cooling.

N2 Initial composition Phase assemblages
AgAu(S,Se) AgsAu(Se,S), Ag,Au S,Se (Au,Ag)Se
T of heating 1050 °C, T of annealing 150°C
1 AgAuS Ago.94AU0 855 Ag6AUQ 952 - * -
2 AgAuSq 755€0.25 Ago.97AU1,0350.775€0.23 Ag3.01AUQ.995€1.1850.82 - * -
3 AgAuSq5Seo s Ag1.02AU0.9850.545€0.46 Ag3.01AU0.995€1 845016 - * -
4 AgAUSo.255€0.75 Ago0.99AU1,0150.355€0.65 Ag3.01AU0.995€1.9150.09 Aug.97A80.03 So0.515€0.49 -
5 AgAuSe Ag1.05AU0.975€0.08 Ag303AU1 015€1.95 Aup 96AZ0.04 Se* Aug 92Ag0.105€0.98
T of heating 1050 °C, T of annealing 500°C
6 AgAuS Ag0.97AU0.9851.05 - - * -
7 AgAuSp 755€0.25 AgAuSp 745€0.26 - - S0.955€0.05" -
8 AgAuSo5Seo s Ag0.99AU0.9250.595€0.49 Ag2.99AU0.985€1.6450.36 Aug 95AZ0.05 So.825€0.18" -
9 AgAUSo.255€0.75 Ag1.01AU0,9950.335€0,67 Ag3.03AU1.085€1.7250.17 Au S0.485€0.52" -
10 AgAuSe Ago.99AU1 00S€1.01 Ag3 01AUL 025€1 97 Aug97Ag0.03 Se Aug.94Ag0.055€1.01
T of heating 1050 °C, no annealing
11 AgAuSe Ago.97AU1.025€1.01 Ag303AUp 995€1.97 Aug 97A0.03 Se* Aug 90Ago.105€1.00
127 AgAuSe AgAuSe**** Ag3.00AU1 035€1.97 Auo.95A80.05 Se* Aug 90Ag0.105€1.00
T of heating 750 °C, T of annealing 300°C
13 AgAuSq.1255€0.875 Ag0.99AU0.9850.215€0.82 Ag> 85AU1 095€1.8850.19 Aug 97A0.03 Se* Aug 39AZ0.095€0.8350.21
14 AgAuSe Ago.97AU1 025€1.01 Ag2.99AU1 015€2.01 Aup 94AZ0.06 Se Aug 92A80.045€1.02

Compositions are given in mole fractions with the values exceeding the significant digits by one unit.
*Minor amounts of S,Se-phases are present on the walls of ampoules in the form of semispheres.

TS

**Rapid cooling (in cold water); *** slow cooling (in the switched-off furnace);

— accurate determination of the composition was impossible owing to small sizes of grains.
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Fig. 1. SEM photo of synthesis products of experiments with annealing T = 150 °C (a—d) and initial compositions: a — AgAuSp755€025 (N22); b — AgAuSpsSegs (N23), ¢, d —
AgAuS(25Se075 (N24). Legend: Se-Pet — petrovskaite-like phase, S-Fsch — fischesserite-like phase, Au — high fineness Au—Ag alloy, S,Se — sulfur-selenium phase.

fragment of gold selenide crystal.

In the experiment with rapid cooling (N211), the content of
petrovskaite-like phase AgAusSe is considerably higher than both in
the experiment with slow cooling (N°12) (Fig. 3) and in those with
annealing (N25,10,14, Table 1; Fig. 4). In all the experiments with
the initial composition AgAuSe, the quantity of fischesserite pre-
dominates over the petrovskaite-like phase. Au—Ag alloy in the
ingot grown by the method described in Ref. [6] (N214, Table 1)
occurs as skeleton crystals (Fig. 4b).

It is worth noting that on the walls of all ampoules after syn-
thesis we observed minor semispheres <0.5 mm in size. Their
composition was similar to S,Se-compounds and changed with
increasing selenium content in the initial mixture from pure sulfur
(yellow, N21,6) to intermediate compositions (orange, red and wine
red) (N22—4, 7-9, 13) and to pure selenium (black) (N25,10—14)
(Table 1). They seem to be the condensation products of gas phase.
The exception is experiments N4, 10, 14 (Table 1), the synthesis
products of which showed a higher amount of Se and this phase
was detected not only on the walls of ampoules but inside the ingot
as well (Figs. 1d; 4b,c).

Diffraction analyses showed that the ingots of experiments with
AgAuS and AgAuSp75Seg2s starting compositions (N21,2, Table 1)
consist of petrovskaite [15] and petrovskaite-like phase, corre-
spondingly. As a result of partial isomorphous replacement Se — S,
the unit cell parameters of AgAuSg75Seq2s are slightly increased
compared to AgAuS (Table 2). In samples AgAuS;_,Sex, x > 0.5,

petrovskaite coexists with fischesserite-like phase AgzAuSe;_,Sy, in
the structure of which up to half of selenium atoms can be iso-
morphously replaced by sulfur atoms [13,14]. In the presence of
fischesserite-like phase in the synthesized samples the V(Se/
(S + Se) dependence for petrovskaite deviates from linear one
(Fig. 5a). This can be due to the enrichment of fischesserite with
selenium relative to the sample bulk composition and, hence, the
higher content of sulfur in petrovskaite-like phase (Tables 1 and 2).
With the assumption of linear dependence V(Se/(S + Se)) for
petrovskaite-like phase, estimation of selenium fraction in its
structure for sample 4 (Table 1) yields Se/(S + Se) = 0.65 (Table 2).
From the results of refinement of petrovskaite-like phase structure
by the Rietveld method, a refined formula unit of petrovskaite-like
phase is AgAuSg 30Seq.70. For sample 3 (Table 1) the calculated value
Se/(S + Se) was 0.45 (Table 2). In both cases selenium fraction in
AgAu(S,Se) is less compared to the bulk composition of sample
(N23,4, Table 1). The obtained value of the composition of phases is
in good agreement with the results of EPMA. The unit cell metrics of
fischesserite-like phase is close to that of fischesserite AgsAuSe;
(Table 2), which suggests similarity of their compositions. Results of
X-ray diffraction study of a series of samples annealed at 500°C are
identical to those annealed at 150°C.

The sample of bulk composition AgAuSy 1255e9.875 (Fig. 6) along
with the petrovskaite- and fischesserite-like phases (N213, Table 1)
also contains about 5% of B-AuSe phase [20]. The estimated
composition of petrovskaite-like phase is similar to AgAuSp3Seq.7,
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Fig. 2. SEM photo of ingot fragment (a), synthesized by the procedure (Nekrasov et al., 1990) with the initial composition AgAuSe (N214, Table 1). b — increased segment on (a) with
gold selenide crystal.
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Fig. 3. Ratio of fischesserite and petrovskaite-like phase in solid phase products of experiments with the initial composition AgAuSe - rapid (N211, Table 1) (a,c) and slow cooling
(N212, Table 1) (b,d).
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Fig. 4. SEM photos of petrovskaite-like, fischesserite-like and other phases in the experiments (N25, 14, 10, Table 1) with initial composition AgAuSe and annealing T at 500 (a), 300
(b) and 150°C (c).
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Table 2

389

Unit-cell parameters and concentration of synthesized phases of AgAuS;_xSex compounds.

Sample* Phase composition** Space group Type*** a(A) c(A) v (A% Phase concentration, %
1 AgAuS R3m 1 13.4235 9.0873 1418.07 100
2 AgAUS755€0.25 R3m 1 13.5434(6) 9.1331(9) 1450.80(12) 100
3 AgAUSg 555€0.45 R3m 1 13.6484(5) 9.1544(7) 1476.80(11) 90
3 Ag3AUSq 60S€1 40 14,32 2 9.915(3) 974.8(8) 10
4 AgAUS355€0.65 R3m 1 13.7447(6) 9.1845(8) 1502.65(14) 65
4 Ag3AUSq155€1 85 14432 2 9.9672(8) 990.2(2) 35
13 AgAuSp 30S€0.70 R3m 1 13.7724(6) 9.1953(10) 1510.49(16) 65
13 Ag3AUSq 155€1 85 14,32 2 9.9670(9) 990.1(2) 30
10 AgAuSe R3m 1 13.813(3) 9.281(4) 1533.6(6) <5
10 AgsAuSe;, 14432 2 9.9863(3) 995.89(9) 20
11 AgAuSe R3m 1 13.8260(9) 9.2277(12) 1527.6(2) 25
11 AgsAuSe; 14432 2 9.9865(4) 995.94(11) 40
*Numbering is according to Table 1.
**The S:Se value was calculated from linear dependences V,(S/Se) for petrovskaite (this work) and for fischesserite (Seryotkin et al., 2013).
***1 — petrovskaite type, 2 — petzite type.
and the fischesserite-like phase is, respectively, enriched in sele-
nium (Table 2).
The phase composition of synthesized samples from the ex- 1550 A
periments with the initial composition AgAuSe depends on their o
thermal history and, first of all, on cooling conditions. Thus, sam- 1530 - d i ®
£

ples N©5, 10 (Table 1) consist mainly of fischesserite, f-AuSe phase
and metal phase. The unit cell volume of fischesserite (Table 2) is
somewhat larger compared to 989.5 A [21], which may be due to
the isomorphic Au — Ag substitution in Ag-positions. This is,
however, not supported by the refinement of their occupancies. The
diffraction profile of AgAuSe sample annealed at 500°C (N<210,
Table 1) displays weak peaks which can be referred to a
petrovskaite-like phase (Fig. 6). Estimation of its concentration by
the Rietveld method yielded the value of about 3%, i.e., only a minor
amount if any of this phase is present in the sample. The diffraction
profile of AgAuSe sample annealed at 150°C (N25) demonstrates no
peaks of petrovskaite-like phase (Fig. 6). The refinement of its
concentration by the Rietveld method yielded a value close to zero.

The quenched sample (N211, Table 1), on the contrary, along
with fischesserite contains a considerable quantity of AgAuSe phase
(=25%). The content of B-AuSe phase in this sample is lower than
10%, whereas in the sample annealed at 500°C (N210, Table 1) its
concentration is higher than 20%. The phase composition of sample
N© 12 annealed in the conditions of a switched-off furnace is close
to that of sample N2 5: presence of abundant AgzAuSe; and AuSe
phases and absence of petrovskaite-like phase (Fig. 6).

The unit cell volume of petrovskaite-like phase AgAuSe (Table 2)
is reliably expanded compared to the isostructural sulfur-bearing
phases and falls out of the general relationship Vy(Se/(S + Se))
for the series AgAuS,Sej—_x (Fig. 5a). This supports our assumption
about the sulfur enrichment of petrovskaite-like phases relative to
the bulk composition of samples in the presence of fischesserite.

The decay of metastable phase AgAuSe on cooling is quite
simple:

3AgAuSe — AgsAuSe; + AuSe + Au (1)
or
3AgAuSe = AgsAuSe; + 1.5Au + 0.5AuSe + 0.5Se . (2)

Reaction 1 evidences that the concentration of three phases
resulting from phase decomposition is the same. This conclusion
cannot be inferred from X-ray diffractometry data. The most
striking differences are seen between the phase compositions of
quenched sample (N211) and those annealed at different temper-
atures (N25,10,14). In the quenched sample, as it was mentioned

Unit cell volume, A°

1410 1
1390 T T T T
0 0.2 0.4 06 0.8 1
Se/(S+Se)
1.030 A *

1.025 A1

1.020 A1

1.015 A

1.010 -1

Normalized unit-cell parameters

1.005 A

1.000 -
0 0.2 04 0.6 0.8 1
Se/(S+Se)

Fig. 5. Variations of unit-cell volume (a) and normalized unit-cell parameters (b) of
petrovskaite-like phases AgAuS;_,Sey.



390 G.A. Palyanova et al. / Journal of Alloys and Compounds 664 (2016) 385—391

above, AuSe phase is present in a rather minor amount, which can
be due to the occurrence of reaction 2 and decomposition of AuSe
into Au and Se.

In Fig. 1d petrovskaite-like phase contains grains of high-
fineness Au—Ag alloys of xenomorphic form and contacts with
fischesserite and S—Se phases. According to this data, the decom-
position reaction of sulfoselenides AgAuS;_,Sex (0.5 < x < 1) on the
example of composition x = 0.75 can be presented without for-
mation of AuSe:

3AgAuSeq7550.25 = Ag3AuSe175S0.25 + 2AU + SepsSoss - (3)

Data from Table 1 demonstrate that fischesserite-like phase in
the experiments with annealing at 500°C (N°4) has a higher sulfur
content than in the experiment with annealing at 150°C (N29) but
lower than the theoretical value (Table 1). At x = 1, when the system
lacks sulfur, AgAuSe phase decomposes to form fischesserite
AgsAuSe;, high-fineness Au—Ag alloys, gold selenide and (or) se-
lenium (reaction 1 and (or) 2).

The structure of AgAuS [15] has a rigid porous framework of
trigonal-prismatic columns along the three-fold symmetry axis
containing edge-connected tetrahedra AgSs. The columns are
reinforced on each edge by cations (Au,Ag)" in a strictly linear co-
ordination. The presence of linear triads S—(Au,Ag)—S in the struc-
ture is responsible for the increase of ¢ parameter and deformation
of AgS, tetrahedra. To compare, pyrargyrite AgszSbS3 [22] has a

topologically similar framework composed of [Ag3S3] columns but
without additional (Au,Ag)" on their edges. The edges of AgSs-tet-
rahedron in AgsSbSs range within 4.0—4.8 A. Whereas in AgAusS,
these variations are extended to 3.4—5.1 A which in turn results in
the increment of column “height” (parameter ¢) by 0.4 A. Thus,
AgSa-tetrahedra in AgAuS have a configuration that is strongly
elongated in ¢ direction. Therefore, when S is replaced by Se, the
tetrahedron expands irregularly, with a major contribution rather to
thickening of the column than to its elongation. As a result, during
the process of S—Se isomorphism the growth of ¢ parameter is
slower than the growth of horizontal parameter a (Fig. 5b).

The reason of the increase in instability of AgAu(S,Se) with
growing fraction of selenium is the specific features of coordination
of two subsystems — framework of trigonal-prismatic columns and
the out-of-framework component of three-dimensional nets from
linearly coordinated cations (Au,Ag)". Its fragments on triple axes
have non-bonding contacts (S,Se): (Se,S)—Ag—(S,Se)---(Se,S)—
Ag—(S,Se). In petrovskaite AgAusS the distance S---S = 4.3 A. When
Se — S replacement takes place, with the increase in Ag—(S,Se)
distances and limited growth of ¢ parameter, these non-bonding
distances decrease and the Se---Se contact might become shorter
than the S---S, which is responsible for in the instability of the
system. The increased metrics of the structure at high temperatures
avoids this problem, which most likely explains the stability of
AgAuSe phase close to the melting point.

It is worth noting that gold selenide with silver concentration to

Ag;AuSe,

No 5

AgAuSe
(slowly cooling)

No 10
AgAuSe |
(500°C anneal.) . =

No 11

AgAuSe
(quenching)

No 13
AgAUSo 1258eo 875

No 3
AgAuUS,.Se,
0 10 20 30 40 50

Fig. 6. The comparison of powder XRD patterns of synthesized samples 3,5,10,11,13 (see Table 1) with diffraction profiles for trigonal petrovskaite AgAusS (Seryotkin et al., 2014)
(bottom) and cubic fischesserite AgzAuSe; (top). Arrows in the profile of sample N210 show weak diffraction lines of petrovskaite-like phase.
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0.1 mol fraction was detected only in the synthesis products of
experiments with starting composition AgAuSe under all condi-
tions of synthesis (N©5,10—12, 14). At x = 0.875 gold selenide along
with silver contains sulfur, which suggests isomorphism S—Se to
0.17 mol fraction of sulfur and Au—Ag to 0.1 mol fraction of silver. It
is known that gold selenide a-AuSe is stable at temperatures up to
425°C [23]. The metastable f-AuSe decomposes at about 376 °C
into solid gold and liquid selenium on heating [24]. Feng and Tas-
kinen [25] report the decomposition temperature of AuSe to be
349 °C. Presence of this phase in synthesized samples annealed at
500°C suggests that gold selenide may be stable at higher tem-
peratures in the presence of silver.

4. Conclusions

Results of our studies prove the existence of continuous solid
solution of the series AgAuS — AgAuSe. They have the same struc-
tural type as AgAus (petrovskaite, space group R3m). Owing to the
partial isomorphous replacement Se — S, unit cell parameters of
petrovskaite-like phase AgAuSe;_4Sx are higher compared to
AgAuS.

Petrovskaite-like phase AgAuS,_,Sey is stable at 0 < x < 0.5, and
in the range of 0.5 < x < 1 the phase is metastable and partly de-
composes to form stable fischesserite-like phase AgsAu(Se,S),,
high-fineness Au—Ag alloy, S,Se phase (at 0.5 < x < 0.75) or sele-
nium (x = 1) and phase f-AuSe (at 0.875 < x < 1). Gold selenide
AuSe revealed isomorphism S—Se to 0.17 mol fraction of sulfur and
Au—Ag — to 0.1 mol fraction of silver. Phase AgAuSe is better pre-
served on rapid cooling from extremely high temperature
(~1050°C). In nature, conditions providing such quenching can
hardly be realized and, therefore, the existence of phase AgAuSe in
natural systems is very problematic. More real findings are
fischesserite, high-fineness gold, selenium or AuSe at Au—Ag epi-
thermal deposits with elevated concentrations of gold and sele-
nium in ores.
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